Recent studies have reported that takotsubo syndrome (TTS) patients are suffering from lifethreatening arrhythmias. The aim of our study was to understand the short and long-term usefulness of cardiac implantable electronic devices in TTS patients.We constituted a collective of 142 patients in a bi-centric study diagnosed with TTS between 2003 and 2017. The patient groups, divided according to the treatment with (n = 9, 6.3%) or without cardiac devices (n = 133, 93.7%), were followed-up to determine the importance of devices and its complications. One patient was treated with a permanent pacemaker, five patients with a wearable cardioverter defibrillator, two patients with a subcutaneous defibrillator and one patient with a transvenous defibrillator. Regular device check-up was documented in all patients, presenting an ongoing high-degree AV-block. Neither device complications nor lifethreatening tachyarrhythmias were documented after acute TTS event. However, patients comprising the device group suffered significantly more often from a highly reduced EF (30 ± 7.7% versus 39.1 ± 9.7%; p < 0.05), cardiogenic shock with use of inotropic agents (66.6% versus 16.6%; p < 0.05) and cardiopulmonary resuscitation (44.4% versus 5.3%; p < 0.05). Our data confirm the usefulness of pacemaker in TTS patients. However, the cardioverter defibrillator including wearable cardioverter defibrillator may not be recommended.
In-hospital complications. Patients treated with CiED suffered more frequently of in-hospital complications; Table 2 . Cardiogenic shock was more frequently documented in the CiED group (66.6%) as compared to the non-CiED group (16.6%); p < 0.01. Consequently, the use of positive inotropic drugs was significantly higher in the device group (55.5% versus 16%; p = 0.01). Cardiopulmonary resuscitation (44.4% versus 5.5%; p < 0.01) was significantly more presented in the device group. Patients treated with CiED tended to stay longer in the hospital than patients without CiED treatment (8.3 ± 6.0 versus 4.5 ± 6.0 days; p = 0.07). Other TTS related complications including respiratory support and intubation were similarly documented in both groups.
CiED implantations and follow-up. Pacemaker. One TTS patient presented an apical form. The same patient was admitted to the hospital two years later due to recurrent syncope. Echocardiography and coronary angiography presented a recurrent TTS. This patient received a temporary pacemaker at admission. Due to persistent bradycardia and atrioventricular block III, a permanent pacemaker implantation was done. Regular device check-ups over 8 years presented ongoing bradycardia and AV-block III. No complications have been documented.
Transvenous ICD. One patient was admitted from a referral hospital due to bradycardia and hypoglycemia. One day after admission torsade de pointes has been documented and terminated with a cardioversion (Fig. 1C) . A coronary angiography excluded relevant stenosis. However, echocardiography and laevocardiography presented a biventricular TTS form of apical form. CiED implantation was undertaken. Ongoing regular device-follow-up showed no more bradycardia or life-threatening arrhythmia. Additionally no complications have been documented over the follow-up.
Subcutaneous ICD. Subcutaneous ICD (s-ICD) has been implanted in two patients. The first patient was admitted to the hospital for a coloscopy. During coloscopy cardiopulmonary resuscitation because of ventricular fibrillation was required ( Fig. 1A ). Cardiac MRI, coronary angiography and echocardiography showed a midventricular TTS. Due to recurrent ventricular fibrillation defibrillation was performed eight times. Because of the recurrent ventricular fibrillation ICD implantation was undertaken. During the follow-up of 2 years no complications or life-threatening arrhythmias have been documented.
The second patient was a 22 years old female. The patient was admitted to the hospital due ventricular fibrillation. ECG documentation presented a long QT syndrome. Additionally, an old ECG recorded 4 years ago documented a prolonged QTc interval. There was no family history of sudden cardiac death. In-hospital diagnostics showed a highly reduced EF. Cardiac MRI confirmed an apical TTS form. A recovery of EF has been documented in the hospital. This patient underwent subcutaneous ICD implantation due to a suspected congenital long QT syndrome. Neither complications nor arrhythmias have been documented over 3 months of follow-up.
Wearable cardioverter defibrillator. A wearable cardioverter defibrillator was used in five TTS patients due to a highly reduced left ventricular EF. Almost three months later a recovery of EF was documented. However, one female patient (17 year old) underwent an s-ICD implantation due to a suspected congenital long QT-syndrome. No complications or life-threatening arrhythmias have been documented during the follow-up. Table 3 illustrates a detailed follow-up of TTS treated with CiED.
Discussion
Using our retrospective clinical investigation of 142 TTS patients, we are able to conclude that: (i) the use of CiED in TTS might be safe; (ii) the long-term need for pacemaker in TTS is higher as compared to ICD; (iii) due to the recovery of EF a wearable cardioverter defibrillator might be not required in TTS patients TTS has been thought to be associated with a favorable prognosis. Recently published data have shown a similar outcome of TTS and ACS. TTS related complications including arrhythmias and acute heart failure have www.nature.com/scientificreports www.nature.com/scientificreports/ been reported 10, 11, 15 . Up to 14% of TTS patients may suffered from lifethreatening arrhythmias and triggered by a QTc interval prolongation. The management of such complication remains challenging physicians due to the reversible character of TTS and absence of risk stratification strategies.
Our study is the largest, to the best of our knowledge, which describes the use of permanent and temporary CiED in TTS.
Stiermaier et al. has described a higher in-hospital and one-year mortality rate of TTS patients associated with life-threatening arrhythmias including ventricular fibrillation, ventricular tachycardia and complete atrioventricular block 11 . It has been reported that one patient was treated by ICD implantation and one patient was discharged with a wearable cardioverter defibrillator. Follow-up did not record any relevant arrhythmias 16 . Here we report about the use of wearable cardioverter-defibrillator in 5 patients and s-ICD in 2 patients. No arrhythmias have been documented over long-term follow-up. One young patient treated with a wearable cardioverter defibrillator has undergone an s-ICD due to a congenital long QT. All these data suggest a consensus that cardioverter defibrillator including wearable cardioverter defibrillator are not recommended in TTS patients. The higher vulnerability of myocardial muscle to develop ventricular arrhythmias at TTS event might be explained by oedema 2 . Another important trigger for ventricular arrhythmias is the acquired long-QT syndrome. Long QT syndrome is associated with sudden cardiac death. Recently published data of a TTS model using induced pluripotent stem cells showed that estradiol attenuates the acquired long-QT syndrome 17 , consistent with the clinical observation that TTS occurs frequently in postmenopausal women. Of note, in our current study, we found a concomitant long QT syndrome and TTS at the same time. Both patients were young. Therefore, a congenital channelopathy should be evaluated using family screening and genetic screening. Cardiac arrest could be in presented in TTS patients in absence of QT prolongation. The main mechanism for this finding might be related to catecholamine toxicity. In other cases TTS might be the results of cardiac arrest and cardiopulmonary resuscitation 18 .
The reversible character of wall motion abnormality of TTS may explain the uncertain value of cardioverter defibrillators (ICD and wearable life-vest) as showed in our study 19 . In contrast, our findings in one patient with permanent pacemaker showed that a permanent device might be required in TTS patients with bradycardia or The ongoing susceptibility to fatal bradyarrhythmias in TTS patients after index-event and lower-susceptibility to fatal tachyarrhythmias after the acute TTS event might be explained by the recommended medication (beta-blockers) at discharge. Beta-blockers suppress ventricular tachyarrhythmias, but nervertheless decrease the heart rate and might be the cause for permanent pacing of pacemakers. We have recently presented in our TTS model that beta-blockers shorten the action potential duration consisting with a shortening of QT-interval and reducing the arrhythmia risk.
Study limitations.
This study is a bi-centric retrospective case series study with a low number of patients and without a comparative control group. Therefore the non-significant comparison values of baseline characteristics should be evaluated with caution. Magnetic resonance imaging was not performed systematically to find a possible interaction between remnant edema and/or inflammation and life-threatening arrhythmias. The use of electrophysiology work-up to stratify the risk of ventricular tachyarrhythmias in TTS patients was not evaluated.
conclusions
Permanent CiED implantation might be recommended in cases of bradyarrhythmias. The use of temporary and permanent cardioverter defibrillator is not recommended in TTS patients. More data on management of life-threatening arrhythmias are necessary to provide a general recommendation. 
